Introduction

48
Earth's mantle is structurally and compositionally heterogeneous at length-scales ranging from reported from studies of oceanic mantle materials include refractory domains that are older than 63 the presumed age of the mantle they are found in, and fertile components that may sample 64 recycled crustal materials or 'frozen' upper mantle melt channels (e.g., Kelemen, 1990; 
99
The aim of this study is to advance understanding of mantle chemical and isotopic
100
heterogeneities over length-scales of several metres, i.e., at the outcrop scale, and tie these 101 phenomena to lithological variations observed in the field. We link our metre-decametre scale 102 observations to grain-scale controls by considering the distribution and HSE compositions of 
120
A ~45 m 2 area situated 200 m below the petrological Moho at "The Viels" (Fig. S1) , was 121 selected for study due to the good exposure there of the major mantle lithologies in the SOC
122
(harzburgite, dunite, orthopyroxenite) ( Fig. 1; see also Fig. S1 ). About ~60% of the mapped area 123 comprises harzburgite (Fig. 1, Figs harzburgite (see Fig. 1 and Fig. S2b ; e.g., Un_13_19 and Un_13_27). These zones comprise and contains cm-sized clusters of Cr-spinel grains. Notably, the thin dunite bodies cross-cut the 143 dunitised harzburgite zones (Fig. 1) .
144
We report HSE abundances and Re-Os isotopic ( (Fig. 1) . 
Electron microprobe and laser ablation ICP-MS measurements
Base-metal sulphides were analysed for the three samples in which they were of sufficiently 
Results
207
Major and lithophile trace element abundances
208
The Viels major element data are presented in Table S1 . The harzburgites and dunites have 
218
Lithophile trace element abundances of peridotites from The Viels are tabulated in Table   219 S2 and 3b, respectively. The orthopyroxenite (Un_13_11) is plotted on both panels for reference.
242
Also included on these plots are the fields for previously analysed Shetland peridotites defined by abyssal peridotites.
249
The HSE concentrations in The Viels dunites are characterised by IPGE (Os, Ir, Ru) and
250
Pt contents similar to those of the harzburgites and PM; they plot within the range of dunites 251 previously measured from the SOC (Fig. 3b) . Some dunites from the thick channel ( Fig. 1 at 492 Ma) for the harzburgites range from -4.0 to +2.7, and for the dunites range from -0.6 to 269 +7.5 (Fig. 4c) . The orthopyroxenite has a γOs value of +2. Os varies by >10%), regardless of Re/Os (Fig. 4c) (Fig. S4) . In the narrow dunite channels represented by normalised HSE plots (Fig. 5a) relative to Os and Ru (Fig. 5a) . could potentially be implicated.
309
There are additional differences in the HSE compositions of the sulphides from different 310 samples (Fig. 5b) peridotites conform to a melting regime at relatively shallow mantle depths (Fig. S3c) define a steeper array than the modelled fractionation trends (Fig. 2c) , an observation also made the degree to which they have been affected by SSZ melt extraction is more ambiguous.
366
Variation is also observed in the Sm/Nd ratio (0.15-0.91) of the harzburgites (Fig. S3d) , 367 suggesting that if subduction zone melting has affected these rocks, it has not done so uniformly. initial γOs values of +7.5 and +5.1 are also radiogenic compared to peridotites from the SOC.
375
Although Un_13_18 is ostensibly a harzburgite, its HSE abundances appear to be largely 376 controlled by thin stringers of sulphides (Fig. 3a) , so it is likely that at least the Pd and Re in this rock were concentrated by a mechanism similar to that which acted on the thin dunite channels.
378
Un_13_18 has the most Pd of all The Viels whole rock samples (~15 ng g -1 ). of -0.6 to +2.2).
389
The stark contrast between the thick and thin dunite channels suggests that the different any of the dunite channels (Fig. 1) , they are oriented almost identically to the thick dunite sheet,
414
suggesting formation under a similar tectonic regime. In addition, the lithophile trace element 415 characteristics of the different dunites are similar, as discussed above, and we argue that all 416 exhibit a SSZ overprint (e.g. , Figs. 2b, 2c) . A more likely scenario, given the large range of
417
Re/Os in some sulphide populations (e.g., Un_13_18), is that the percolating melts that formed 418 the thin dunite channels and stringers accessed and selectively removed Re and more radiogenic
419
Os from older sulphides or HSE-rich phases with high, long-term Re/Os (see section 5.4 below).
420
Un_13_18 and Un_13_23 both yield model (T MA ) ages >800 Ma ( Re/Os, to its intersection with the isotopic evolution of a chondritic reference). Given that the
423
T MA age is calculated relative to a chondritic composition, in a conduit where mixing of Os from 424 older and younger components occurred, 800 Ma is probably a minimum age estimate. 
Insights into the pre-SSZ oceanic mantle at The Viels
427
Excluding dunitised harzburgites, The Viels harzburgite suite has a slightly suprachondritic 428 average initial γOs value of +1.9 ±0.6 (1σ; n = 6). By comparison, harzburgites throughout the 
437
The Viels harzburgites are also similar to abyssal peridotites in terms of both their HSE 438 abundances and Os isotopic compositions, an observation that suggests SSZ-related melt 439 percolation has had little or no effect on the Os isotope or HSE abundances of the harzburgites.
440
Therefore, even though there is evidence that at least some of the lithophile trace elements (e.g., harzburgites across the entire mantle section exposed on the islands of Unst and Fetlar (Fig. 4c) .
461
The presence of harzburgites with Proterozoic T RD ages is not uncommon in Phanerozoic 
464
The Viels data suggest that Os isotopic heterogeneities in mantle harzburgites occur over metre 465 length-scales in the oceanic mantle. An important finding of this study is that almost the entire Furthermore, at least one of the dunitised harzburgite patches is cross-cut by a thin dunite sheet,
480
implying that their formation predates those of the dunite bodies (Fig. 1) . The dunitised 481 harzburgite patches have long axes oriented in the same direction to the dunite channels ( Fig. 1) , 482 suggesting a similar SSZ-related origin. V6. There is evidence that such sulphides were mobilised in the thin dunite channels (Fig. 5b) this time (Fig. 6b) , so that the HSE were variably mobilised by sulphide metasomatism. 
